Digital retinal imaging is an important element of modern ophthalmology. It provides visual documentation and, most importantly, the ability to extract and process information automatically. It is difficult to conceive modern health care practices without digital imaging and electronic health records. They both have led to a significant improvement in health care quality, but at the expense of lower physician productivity. In the words of Michael Abramoff, 1 a leading specialist in the field, "health-care automation has made physicians maybe do better, but not more." However, this seems to be merely the beginning of what is possible. A general lack of resources alongside ever-increasing health care costs is bound to stagnate this impetus for further improving the quality of health care, or most likely continue to leave an incredible amount of patients undiagnosed or untreated. In the long term, this translates into further increases in health care expenditures because, if a patient is left untreated, the cost of medical care in advanced stages of a disease increases dramatically. This situation could be avoided by investing in proper screening mechanisms.
It is within this overwhelming context that digital image analysis techniques can be employed to overcome most of the problems associated with eye disease screening, management, and progression assessment, among others. Computer-aided diagnosis (CAD) and telemedicine use has risen as the integration of different technological efforts is aimed at overcoming these difficulties. Retinal image analysis is a continuously growing research field with newly completed results being translated into clinical use. However, there are still many barriers to overcome before a definitive successful clinical Despite controlled conditions, many retinal images suffer from non-uniform illumination, mainly due to the curved retinal surface and the geometrical configuration of the light source and camera. Several approaches have been proposed to address this topic. 2 They can be loosely classified into single image or multiple image compensation techniques. An example of a singleimage illumination compensation algorithm is depicted in Figure 1 . Our main idea is that the original degraded image can be enhanced by estimating the background luminosity and contrast distribution in order to compensate for uneven illumination. 3 Thus, contrast and luminosity can be understood in terms of gain and offset. Our objective is to achieve illumination uniformity by performing the inverse operations on the image. The
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resulting image is significantly improved in terms of visibility, making it more suitable for visualization or for further processing tasks such as disease detection and segmentation.
One of the main concerns of ophthalmologists when they visually compare retinal images of the same patient over time is identifying true structural changes associated with possible pathological damage, while disregarding other changes merely caused by illumination variation or blur. To identify these changes, 4 we used a procedure that computed the pixel-by-pixel difference from the two registered retinal images with previous illumination compensation (see Figure 2c ). From this difference image, the structural changes can be visualized and detected by taking a statistical significance test. 5 The two important aspects are first, that structural changes are mainly associated with a group of pixels so that the decision at a pixel is based on its neighborhood, and second, that in the absence of any change the difference is most likely given by noise. Figure 2d shows the structural changes detected from the images in Figures 2a and  2b , where most of the changes are located over the pathological region in the center.
Retinal images often suffer from blurring, which hinders their medical use. We have proposed a method for the restoration of retinal images by means of blind deconvolution (BD). 4 Using this method, we can recover the original scene from a single or set of blurred images in the presence of an unknown point spread function (PSF). We used a multi-image deconvolu- tion algorithm, 6 where the PSF and the restored image are estimated in an alternation scheme and can be viewed as a Bayesian maximum, a posteriori estimation of the most probable sharp image and blur kernels. 4 We performed the restoration with a single image and with two images to demonstrate the advantages of using multiple images (see Figure 3) . The intensity profiles from the restored images reveal a noticeable enhancement with more details properly resolved. The multi-channel deconvolution overcomes the limitations of single-channel deconvolution due to information redundancy. The improvement in resolution is evidenced by the gain in contrast and steeper slopes.
Digital retinal image analysis can be effective and costefficient for disease management, diagnosis, and screening. The increasing need for early detection and screening, along with the ever-increasing costs of health care, are likely to be the driving forces for the rapid adoption and translation of research findings into clinical practice. Future progress in this field must focus on solving data analysis problems, such as when the amount of data to be analyzed is excessively large and when the analysis is complex and requires quantification, as opposed to the more qualitative nature of the human expert.
Our next step is to continue developing techniques for retinal image analysis, especially for longitudinal change detection and image enhancement, to aid in early disease detection.
